Objectives: We evaluated the physical and mental health problems of waged workers in Korea who had different classes of occupation. Methods: We used data from the Korean National Health and Nutrition Examination Survey (2007e2017) to examine 22,788 workers who were waged employees and categorized these workers into 5 occupational classes. Results: "Unskilled manual workers" were more likely to be older, less educated, have lower monthly income, and work fewer hours per week. Among men and relative to "managers and professionals" (reference group), "skilled manual workers" were more likely to have physician-diagnosed osteoarthritis, "clerks" were less likely to report suicidal ideation, and "unskilled manual workers" were more likely to report suicidal ideation. Among women and relative to "managers and professionals" (reference group), "service and sales workers" and "unskilled manual workers" were more likely to report physiciandiagnosed osteoarthritis, depressive feelings, and suicidal ideation. However, hypertension, hyperlipidemia, diabetes, and cardiovascular diseases did not differ among the occupational classes for men and women. Conclusion: We identified differences between men and women and among those in different occupational classes regarding employment status, physical health, and mental health. "Unskilled manual workers" of both genders were more likely to be older, less educated, have less monthly income, work fewer hours per week, and have suicidal ideation. Female "service and sales workers" were more likely to have osteoarthritis, depressive feelings, and suicidal ideation.
Introduction
Work is one of the major social determinants of health, and it can improve or worsen health by several different mechanisms [1] . Employment provides a source of income and socioeconomic status in the community, and these can improve health. Work also helps an individual to develop identity and self-esteem and to form social networks outside the family [2] . However, work can also adversely affect health if the pay is poor or if it lowers self-esteem. Work can also adversely affect the health of individuals who are exposed to occupational hazards (physical, chemical, biological, ergonomic, and psychosocial factors) [3] and who have job insecurity or sedentarism [4, 5] .
Previous researchers have used various types of occupational categorizations, such as "white collar" and "blue collar," in assessments of the associations of occupations with health. "Pink collar" refers to nonmanual workers who mainly perform administrative, clerical, secretarial, or service and sales work [6] , and "green collar" refers to manual workers employed in agriculture, fishing, and forestry [7e9]. Other researchers have categorized occupations solely by skill level: managers and professionals (Level 1); technicians and paraprofessionals (Level 2); tradespersons, advanced clerical and sales or service workers (Level 3); intermediate clerical, sales or service workers, and intermediate plant operators/transport workers (Level 4); and elementary clerical, sales or service workers, and laborers or related workers (Level 5) [2] . However, this categorization does not consider physical demands or other job characteristics, such as customer contacts, job insecurity, and sedentarism. Thus, there is no single best categorization of occupations; different categorizations are appropriate for examining different hypothesis. For example, sales or service occupation can be differentiated from clerical occupation because only sales or service occupation require emotional labor, defined as "the management of feelings to create a publicly observable facial and bodily display" [10] , and may also require more physically demanding activities than other nonmanual work. Elementary occupations (unskilled manual work) can be differentiated from skilled manual work (other blue-collar or greencollar workers) because unskilled manual workers are more likely to be older, less educated, have less monthly income, work fewer hours per week, and have less job security [11] . Therefore, we used 5 occupational classes in the present study: "managers and professionals," "clerks," "service and sales workers," "skilled manual workers," and "unskilled manual workers."
Previous research reported that morbidity and mortality differed among those in different occupational classes. For example, a US study found that manual workers reported poorer health and a more rapid decline of health with age than professional workers [12] . A Dutch study reported similar findings [13] . A Korean study [14] reported that poor self-rated health among nonstandard workers differed for those with professional and nonprofessional employment. A UK study found a lower mortality rate in the highest occupational class relative to the lowest class [15] . However, there is little known about the different physical and mental problems experienced by waged workers who are categorized into 5 standard occupational classes considered here. Our previous study showed that nonstandard workers in these 5 classes experienced different occupational safety and health (OSH) problems. In particular, relative to those in other occupational classes, unskilled manual workers were more likely to be older, less educated, have less monthly income, work fewer hours per week, have less job security, and report exposure to physical/ chemical and ergonomic hazards and musculoskeletal pain [11] . However, our previous studies of health outcomes were confined to musculoskeletal symptoms (back pain, upper and low extremity pain) and used the Korean Working Conditions Survey. The present article used data from the Korean National Health and Nutrition Examination Survey (KNHANES), and thus, the health problems we considered were not limited to musculoskeletal symptoms but also included other noncommunicable diseases.
We hypothesized that South Korean employees in different occupational classes experience different health problems and that unskilled manual workers with low socioeconomic status are most vulnerable to OSH problems. Thus, we used data from the KNHANES 2007e2017 and multiple logistic regression with adjustment for covariates to determine whether waged workers in different occupational classes have different physical and mental health problems.
Methods

Design and data collection
This cross-sectional study used data from the KNHANES of 2007e2017, which included KNHANES IV (2007e2009), KNHANES V (2010e2012), KNHANES VI (2013e2015), and KNHANES VII (2016e2017). We used pooled data of four surveys to increase the sample size. These surveys were conducted annually by use of a rolling sample design that uses a complex, stratified, multistage probability cluster analysis of a representative sample of the noninstitutionalized civilian population in South Korea. Thus, the KNHANES is a large representative population study with rigorous quality controls. These surveys were performed by the Korean Centers for Disease Control and Prevention and the Korean Ministry of Health and Welfare and have three components: a health interview, a health examination, and a nutrition survey.
Kweon et al. [16] provided details on the design of the survey. Briefly, information on age, education, smoking history, alcohol intake, and exercise was collected during the health interview. Height and weight were recorded with the participants wearing light clothing and no shoes. Body mass index (BMI) was calculated as body weight (kg) divided by the square of height (m 2 ), and subjects were then classified as lean (BMI < 18.5 kg/m 2 ), normal (18.5 BMI < 25 kg/m 2 ), or obese (BMI 25 kg/m 2 ). Age at the time of the interview was categorized into five groups. Area of residence was categorized as urban (within an administrative division of a city) or rural (outside the administrative division of a city). Terminal education level was categorized as less than high school, high school, and college or higher. Household income was grouped into quartiles. Marital status was divided into married/ cohabitating and other.
Smoking status (current smoker, past smoker, and neversmoker) was based on self-reported cigarette use. Never-smokers were those who had smoked fewer than 100 cigarettes in their lifetimes; subjects who smoked 100 or more cigarettes were classified as past or current smokers based on current smoking habits. Alcohol consumption, based on self-reported drinking behavior during the month before the interview, was recorded as average frequency of drinking (days per month) and amount ingested (mL) on each occasion. These data were then converted into amount of pure alcohol (g) consumed per day, and subjects were then categorized according to average daily alcohol consumption: nondrinker, light drinker (1e15 g), moderate drinker (16e30 g), and heavy drinker (>30 g). Regular exercise was defined as exercising at least 5 times per week (30 min per session) in moderate activities (swimming slowly, playing doubles tennis or volleyball, and participating in occupational or recreational activities while carrying light objects), or exercising at least 3 times per week (20 min per session) in vigorous activities (running, climbing, cycling fast, swimming fast, playing football, basketball, squash or singles tennis, jumping rope, and participating in occupational or recreational activities while carrying heavy objects). Suicidal ideation was based on an affirmative answer to the question: "Have you ever thought of killing yourself during the past year?" Feelings of depression were identified by an affirmative answer to a question regarding whether the respondent had experienced feelings of depression for 2 consecutive weeks or more during the past 12 months. Physical health status was identified by previous physician-diagnosed presence of diseases (e.g., hypertension, diabetes mellitus, dyslipidemia, stroke, myocardial infarction or angina, and osteoarthritis). Physical and mental health problems can vary widely in scope. The analysis of physical health problems focused on noncommunicable diseases, which negatively impact work ability and threaten the sustainability of employment [17] . The analysis of mental health problems focused on depression (which may be affected by performing emotional labor or by psychosocial factors) [18, 19] and suicidal ideation [20] (which may be influenced by socioeconomic status or by the presence of a chronic disease).
Study subjects and definitions
Analysis was restricted to adults (19 years) who completed the health examination survey (n ¼ 68,939). The study subjects were 22,788 workers classified as waged employees.
The 5 different categories of occupational class were: "managers and professionals and related workers," "clerks," "service and sales workers," "skilled manual workers," and "unskilled manual workers." First, labor was categorized as manual or nonmanual, and then manual labor was categorized as skilled or unskilled. Skilled manual workers thus include the following 3 of 9 major groups in the Korean Standard Classification of Occupations [21] and the International Standard Classification of Occupations [22] : "skilled workers related to agriculture, forestry and fisheries," "craft and related trade workers," and "workers related to equipment, machine operating and assembling." Unskilled manual work indicates "elementary occupations," as used in the Korean Standard Classification of Occupations [21] , and the major group elementary occupations in International Standard Classification of Occupations [22] . Nonmanual workers were categorized into three occupational classes: "managers and professionals and related workers," "clerks," and "service and sales workers." "Service and sales workers" are mainly those who perform emotional labor, defined as "the management of feelings to create a publicly observable facial and bodily display" [10] and perform some physically demanding activities, as well as nonmanual labor; this category thus differs from other nonmanual work that also has cognitive demands, such as "managerial and professional work" and "clerical work." "Service and sales workers" often work in small shops, shopping malls, banks, hotels, and restaurants [23] .
After explanation of the survey, all participants provided written informed consent for participation. 
Data analysis
Statistical analyses were performed using SAS (Version 9.4, SAS Institute, Cary, NC, USA) and SUDAAN (Release 11.0, Research Triangle Institute, Research Triangle Park, NC, USA), a software package that incorporates sample weights and adjusts analyses for complex sample design. Survey sample weights were used in all analyses to produce estimates that were representative of the noninstitutionalized civilian population of South Korea.
The chi-square test was used to compare categorical variables for the 5 occupational categories. Gender-specific analysis was used because men and women may differ in the following: occupational class, tasks, and hazards to which they are exposed; physical, physiological, and psychological responses to identical risk factors; and expression of pain and use of coping strategies to manage psychosocial stressors [24, 25] .
Multiple logistic regression was used to determine the odds ratios (ORs) and 95% confidence intervals (95% CIs) of self-reported physical and mental health for those in different occupational categories, with adjustment for age, marital status, BMI, socioeconomic factors (education, income, weekly working hours, and residence area), and health-related behaviors (smoking, alcohol consumption, and regular exercise). A P-value below 0.05 was considered significant. Table 1 presents an overview of the demographics, socioeconomic status, and health-related behaviors of the study population, grouped by occupational categories and gender. Among men, 23.9% were "managers and professionals," 21.9% were "clerks," 10.8% were "service and sales workers," 28.3% were "skilled manual workers," and 15.1% were "unskilled manual workers." Among women, 24.8% were "managers and professionals," 20.2% were "clerks," 23.6% were "service and sales workers," 6.0% were "skilled manual workers," and 25.4% were "unskilled manual workers."
Results
Characteristics of male and female workers
For male workers, a higher proportion of aged workers (at least 60 years) performed unskilled manual work, a higher proportion of less-educated workers performed manual labor than nonmanual labor, a higher proportion of workers with the highest monthly income were "managers and professionals," and a higher proportion of those with the lowest monthly income were "unskilled manual workers." A higher proportion of workers with weekly working hours less than 40 were "unskilled manual workers." Higher proportions of obese workers were "managers and professionals" and "clerks"; higher proportions of current smokers were "service and sales workers" and "skilled manual workers"; higher proportions of heavy drinkers were "clerks," "service and sales workers," and "skilled manual workers"; and a higher proportion of those performing exercise were nonmanual workers. A smaller proportion of married workers were "service and sales workers," and a higher proportion of those living in rural areas were manual workers.
For female workers, a higher proportion of younger workers (less than 40 years) were "managers and professionals" and "clerks," a higher proportion of aged workers (at least 60 years) were "unskilled manual workers," a higher proportion of less educated workers performed manual than nonmanual labor, a higher proportion of workers with the highest monthly income were "managers and professionals," and a higher proportion of workers with the lowest monthly income were "unskilled manual workers." A higher proportion of those with less than 40 weekly working hours were "unskilled manual workers." A higher proportion of obese workers were manual workers, a higher proportion of current smokers were "service and sales workers," a higher proportion of heavy drinkers were "service and sales workers," and higher proportions of those performing exercise were "managers and professionals" and "clerks." Smaller proportions of married workers were "managers and professionals" and "clerks" and a higher proportion of those living in rural area were manual workers. Table 2 shows ORs and 95% CIs for having previous physiciandiagnosed diseases by occupational class, relative to "managers and professionals" (reference group). This analysis adjusted for confounding by age, marital status, BMI, socioeconomic factors, and health-related behaviors. Among men, "skilled manual workers" were more likely to have physician-diagnosed osteoarthritis (OR ¼ 2.05, 95% CI ¼ 1.30 to 3.25), "clerks" were less likely to report suicidal ideation (OR ¼ 0.68, 95% CI ¼ 0.47 to 0.97), and "unskilled manual workers" were more likely to report suicidal ideation (OR ¼ 1.55, 95% CI ¼ 1.06 to 2.26). However, hypertension, hyperlipidemia, diabetes, cardiovascular diseases, and depressive feelings did not differ among occupational classes.
Health status of male and female workers
Among women and relative to "managers and professionals" (reference group), "service and sales workers" (OR ¼ 1.64, 95% CI ¼ 1.10 to 2.47) and "unskilled manual workers" (OR ¼ 1.73, 95% CI ¼ 1.15 to 2.60) were more likely to have physician-diagnosed osteoarthritis. "Service and sales workers" (OR ¼ 1.29, 95% CI ¼ 1.03 to 1.61) and "unskilled manual workers" (OR ¼ 1.34, 95% CI ¼ 1.04 to 1.73) were more likely to report depressive feelings; "service and sales workers" (OR ¼ 1.47, 95% CI ¼ 1.15 to 1.89) and "unskilled manual workers" (OR ¼ 1.92, 95% CI ¼ 1.46 to 2.52) were more likely to report suicidal ideation. However, hypertension, hyperlipidemia, diabetes, and cardiovascular diseases did not differ among occupational classes.
Discussion
We found differences in the gender distribution and socioeconomic status of workers in each of the 5 types of occupational class examined here. In particular, most "skilled manual workers" were men and most "unskilled manual workers" were women. Men were less likely to be "service and sales workers," and women were less likely to be "skilled manual workers." "Unskilled manual workers" were more likely to be elderly, less educated, have a low income, and work fewer weekly hours. "Service and sales workers" and "clerks" were more likely to be younger. "Managers and professionals" were more likely to have more education and a higher income.
The present study also showed that hypertension, hyperlipidemia, diabetes, and cardiovascular diseases did not differ among occupational classes. Previous studies that examined the association of occupational categories with cardiovascular diseases had conflicting results. For example, Harvanek et al [5] found that different occupational categories had different risks for cardiovascular disease. Many studies in developed Western countries reported a greater risk of cardiovascular diseases among those classified as blue collar or service workers [26, 27] . However, a recent Japanese study showed that individuals with high-status occupations, such those performing managerial or professional work, had a greater risk for cardiovascular disease than other groups [28] . A South Korean study also found that metabolic syndrome was more prevalent in individuals in higher occupational classes [29] . These discrepancies suggest that other factors, such as health-related behaviors and socioeconomic status, may be more important determinants for cardiovascular diseases than occupation. The present findings are supported by previous studies. In particular, the population attributable fraction for cardiovascular diseases was highest for smoking, followed by physical inactivity and socioeconomic status [27] . Furthermore, the relationship of cardiovascular disease with occupation is not as strong as its relationship with other socioeconomic status indicators, such as education and income [5] .
Our results indicated that male "skilled manual workers" and female "service and sales workers" and "unskilled manual workers" were more likely to have physician-diagnosed osteoarthritis than "managers and professionals" of the same gender after adjustment for covariates. Osteoarthritis is a degenerative disease caused by mechanical wear and tear on joints. The well-known risk factors for knee osteoarthritis include advanced age, female gender, BMI, prior knee injury, ergonomic hazards in occupations, family history of osteoarthritis, and lower socioeconomic status [30] . Several studies reported associations between low level of educational attainment and osteoarthritis [30e32]. Other research indicated that the poverty rate of an individual's community is associated with self-reported arthritis independently of educational attainment [33e35]. Ergonomic hazards among "skilled and unskilled manual workers" and "service and sales workers" may be associated with osteoarthritis, because we adjusted for age, education level, and income. Male "skilled manual workers" (rather than "unskilled manual workers") are more likely to perform repetitive and stereotypical physical movements and to adopt awkward postures related to their skills; in contrast, female "unskilled manual workers" (rather than "skilled manual workers"), such as cleaners and cooking assistants, have more physically demanding jobs. There are also fewer females who are "skilled manual workers" than "unskilled manual workers" Among female nonmanual workers, "service and sales workers" perform more physically demanding activities. Hence, male "skilled manual workers" and female "service and sales workers" and "unskilled manual workers" were more likely to be exposed workplace ergonomic hazards and hence have an increased risk of osteoarthritis. The present findings are in agreement with those of Callahan [30] , in that manual workers and service workers had greater risks of osteoarthritis.
A previous South Korean study also found that the prevalence rate of osteoarthritis was most associated with the occupational category of "green collar," followed by "blue collar," "pink collar," and "white collar" [8] .
We found that female "service and sales workers" were more likely to report depressive feelings after adjustment for covariates, probably because these types of occupational class entail emotional labor [10] . Female "unskilled manual workers" were also more likely to report depressive feelings. Job insecurity is common for "unskilled manual workers" [36] , and this could contribute to their depressive feelings [4] . In agreement, a longitudinal study in the USA found that workers with precarious employment were more likely to have depressive symptoms [37] .
Our results indicated that female "service and sales workers" and "unskilled manual workers" were also more likely to report suicidal ideation after adjustment for covariates. This may be because "service and sales workers" perform emotional labor. A previous study, which controlled for age, household income, and employment characteristics, showed that workers who suffered from high emotional demands were more likely to experience suicidal ideation [38] . "Unskilled manual workers" (considered to be precarious workers) may have increased suicidal ideation because of their job insecurity. In support of this interpretation, a previous South Korean study linked part-time or contingency employment with suicidal ideation and suicide attempts [39] , and a previous Canadian study found that individuals with part-time work were more likely to attempt suicide [40] . Notably, our findings are also in line with previous studies which reported that about 90% of suicidal subjects had a diagnosis of at least one mental health problem [41] and that patients with depressive disorders had a greater risk for suicide than the general population [42] .
We also found differences in the prevalence of osteoarthritis, depressive feelings, and suicidal ideation among males and females in different occupational classes. This may be because men and women differ in the types of occupations they perform, the tasks they perform even when they are in the same occupation, and the occupational hazards to which they are exposed. Men and women may also differ in their physical, physiological, and psychological responses to identical risk factors and their expression of pain and use of coping strategies to manage psychosocial stressors [24, 25] .
The present study is the first to evaluate the socioeconomic conditions and the physical and mental health status of waged workers who have different types of occupations. In particular, "unskilled manual workers" were more likely to be female, older, less educated, have less monthly income, work fewer hours per week, and have poor physical and mental health status. The health of workers is determined by several factors: health-related behaviors, such as lifestyle; occupational hazards; social factors, such as employment status, stability of work, income, or inequities associated with gender, race, and age; and access to healthcare services [43] . We found that unskilled manual workers were more likely to be elderly, have lower socioeconomic status, and have job insecurity. Our previous study showed that unskilled manual workers were more likely to report exposure to physical/chemical and ergonomic hazards and musculoskeletal pain, relative to nonmanual workers [11] . Individuals with precarious employment have limited access to occupational and general health care services [17] . Taken together, our results indicated that social determinants were the main factors responsible for the poor physical and mental health status of unskilled manual workers. These findings are supported by previous studies which found that low social and economic status (less education, lower income, and unstable job) directly or indirectly contribute to poor health status [44e46] .
There are several public health implications of our results. First, our findings suggest that health inequities could be reduced by implementation of OSH programs that specifically target "unskilled manual workers," most of whom are not covered by current OSH programs in South Korea. Furthermore, OSH programs should be customized for workers in different occupational classes. Second, our results suggest that "service and sales workers" and "unskilled manual workers" have higher risk for suicide. In South Korea, suicide is a major social issue, and the suicide rate has increased dramatically during recent decades, growing from 13.0 per 100,000 in 1997 to 33.3 per 100,000 in 2011 and 25.8 per 100,000 in 2016. The suicide rate in South Korea is the highest among countries in the Organization for Economic Cooperation and Development [47, 48] . Thus, suicide prevention should be implemented as a part of workplace health promotion.
Our study had several strengths. First, we examined a large and representative sample of the South Korean working population and used rigorous quality-control procedures. Second, we examined the physical and mental health status of individuals who had different types of occupations. Third, we adjusted for confounding by age, marital status, BMI, socioeconomic factors (education, income, weekly working hours, and residence area), and health-related behaviors (smoking, alcohol consumption, and regular exercise). Finally, we classified labor as manual or nonmanual, manual labor as skilled or unskilled, and nonmanual workers as "managers and professionals," "clerks," or "service and sales workers." This occupational classification is supported by our findings that the physical and mental health problems of workers vary among those in these 5 occupational classes.
Our study also had some limitations. First, we used self-reported data, instead of objective findings. Some misclassification is possible, so these data should be interpreted with caution. Second, our results are based on cross-sectional analysis. Therefore, we did not identify temporal relationships of the different variables and cannot establish causality for the reported associations. Some of the associations we identified could be explained by the "healthy worker effect" if individuals with pre-existing health conditions are more likely become "unskilled manual workers." However, several studies have examined this issue and found that work conditions were a more significant cause of poor health than poor health was a cause of poor work conditions [49] .
In conclusion, we identified differences between men and women and among those in different occupational classes regarding employment status, physical health, and mental health. "Unskilled manual workers" were more likely to be older, less educated, have less monthly income, work fewer hours per week, and have suicidal ideation in both genders. Female "service and sales workers" were more likely to have osteoarthritis, depressive feeling, and suicidal ideation. Our findings suggest that OSH programs should be customized for workers in different occupational classes and should also consider gender. For example, we believe that OSH programs should more specifically target "unskilled manual workers," the class most vulnerable to OSH problems, and a class not covered by current OSH programs in Korea.
Ethics approval and consent to participate
The Institutional Review Board of the Korean Centers for Disease Control and Prevention approved this study (approval nos. 2007-02CON-04-P, 2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C, 2011-02CON-06-C, 2012-01EXP-01-2C, 2013-07CON-03-4C, 2013-12EXP-03-5C). All participants provided written informed consent prior to participation.
